The product of the branching ratios of the standard model (SM) Higgs boson in all decay channels available below the top-antitop threshold is observed to be a Gaussian distribution of the Higgs boson mass with a maximum centered at m H ≈ 125 GeV, i.e. exactly at the mass value where a new boson has been discovered at the Large Hadron Collider. Such an intriguing observation is seemingly driven by the different m H -power dependence of the Higgs decay-widths into gauge bosons and fermions with steep anticorrelated evolutions in the transition region m H ∈ (m W , 2m W ) below the WW decay threshold. No other SM Higgs mass value has a better combined signal-strength for the whole set of decay channels. Speculative consequences of taking this feature as indicative of an underlying principle, that would force the Higgs mass to be that which maximizes its decay probabilities to all the SM particles simultaneously, are also discussed as a means to provide possible constraints for theoretical extensions of the SM.
I. INTRODUCTION
In the standard model (SM) of particle physics, the masses of the electroweak W and Z vector bosons are generated via the Higgs-Brout-Englert-Guralnik-Hagen-Kibble mechanism [1] which also predicts the existence of a new elementary neutral scalar (Higgs) boson. The fermion masses are also generated through Yukawa interactions with the Higgs field. The mass of the Higgs boson itself, given by the square-root of its (unknown) self-coupling parameter λ (m 
GeV) is however a free parameter of the theory. Theoretically, the value of m H is constrained from above by requirements of unitarity of the elastic W L W L cross sections [2] , as well as by triviality bounds for large self-couplings (for large initial values of λ, the log (Q 2 /v 2 ) running of the self-coupling would make it non-perturbative at energies not very far from the electroweak scale) [3] . Both requirements imply m H 700 GeV. Lower limits on m H are imposed by vacuum stability arguments (λ cannot be too small since otherwise the top-quark Yukawa coupling would make it negative) [3] . The recent experimental observation at the Large Hadron Collider (LHC) of a new boson at m H ≈ 125 GeV in various decay modes consistent with the SM Higgs boson [4, 5] , constitutes an experimental breakthrough in our understanding of the mechanism by which all elementary particles acquire their mass.
Basic conservation rules imply that a neutral spinless SM Higgs boson can only decay into (i) pairs of fundamental fermions= uū, dd, ss, cc, bb, tt for quarks, and ℓ + ℓ − = e + e − , µ + µ − , τ + τ − for leptons (neglecting neutrinos which are massless in the SM, see later), (ii) pairs of (virtual or real) heavy bosons VV = ZZ,WW; as well as (iii) pairs of massless bosons (gg, γ γ) and Zγ via heavy-particle (mostly W and top-quark) loops. The partial decays widths Γ i of the Higgs boson into the most relevant channels, i.e. the inverse decay rates to each final state kinematically allowed for a given value of m H , have been determined including various high-order quantum chromodynamics (QCD) and electroweak corrections (see [6] and refs. therein). The total width is obtained by summing all the Higgs partial widths: Γ tot = i Γ i . The branching ratio of a given mode is BR = Γ i /Γ tot and, of course, the sum of all of them amounts to one, i BR i = 1. Decay widths and branching ratios to the various final-states can be computed using programs such as hdecay [6] , and have typical theoretical uncertainties in the range ∆BR ≈ 3-10% for m H ≈ 125 GeV [7] . The SM Higgs couplings to fundamental fermions are proportional to the fermion masses m f , whereas its couplings to bosons are proportional to the square of their masses m 2 V , a direct indication of the primary role of the Higgs particle in the breaking of electroweak symmetry. The partial ff and VV decay-widths are thus given by the tree-level relations (see e.g. [8] )
, where N c = 3 (1) for quarks (leptons),
From these expressions one sees first that the decays to fermions are basically linear in m H but follow a m ). As a result, the subtreshold WW * and ZZ * branching ratios are larger than those for di-fermions already for m H ≈ 135 GeV and 157 GeV respectively (Fig. 1) .
In this work, we investigate whether there is a particular mass region for which the SM Higgs boson has the maximum number of decay modes effectively available. For this, we construct a variable from the product of Higgs branching fractions
and study whether there is a value (if any) of m H which maximizes such a distribution. Maximization of a product of functions are common in (extended) maximum likelihood analyses. One finds surprisingly that the distribution given by Eq. (3) is Gaussian in the range of masses m H ≈ m Z -2m W with a maximum centered at m H ≈ 125 GeV and a width of σ m H ≈ 6 GeV. The reasons and possible phenomenological consequences of such an unexpected behaviour are explored below.
II. THEORETICAL SETUP
The branching ratios of the Higgs boson decays in the SM are determined following the same approach developed in Refs. [7, 9, 10] , i.e. combining the partial widths computed with hdecay (version 5.11) [6] and the total Higgs width obtained with prophecy4f (version 2.0) [11] . hdecay includes next-to-leading order (NLO) corrections (or higher-order ones in some cases) for the QCD and electroweak contributions for all decay channels, and prophecy4f includes interference corrections for all decay final-states of the W,Z bosons. The inclusion of prophecy4f corrections modifies by less than ∼10% the branching ratios computed with hdecay alone, mostly in the mass region m H = m Z2m W . For the input SM parameters of the calculations, the PDG values [12] listed in Table I are employed. The strange-quark mass used is the MS value at two different scales Q = 1, 2 GeV, and the charm and bottom quark masses correspond to the 1-loop pole values which are less sensitive to uncertainties of the QCD coupling α s . Running the alternative hzha Higgs decay code with the same parameters listed here, yields very similar results [13] . 
The Higgs boson decays into the first-generation fermions (uū, dd, e + e − ) are not directly implemented in hdecay since, due to their small masses compared to m H , they have extremely reduced branching ratios and are of no experimental relevance. From Eq. (1) the dependence of the first-family branching-fractions on m H can be obtained from the corresponding widths for heavier (e.g. second-generation) fermions via
The branching ratios for the quarks of the first generation are obtained using this expression with the current mass values m u,d,s ≈ 3, 5, 100 MeV. Although the resulting uū, dd (e + e − ) decays are suppressed by factors of order 10
(10 −5 ) compared to the ss (µ + µ − ) channel, the dependence of their BR on m H is the same as for the other heavier fermions. Since the light-quark masses are not precisely known, there are potentially large uncertainties in their associated BR values. As a cross-check we computed the branching ratios using the two values for the s-quark mass quoted in Table I and found that although the corresponding absolute BR uū,dd,ss values changed by a factor of two, the m H -dependence of BR uū,dd,ss (m H ) is the same for any Higgs mass value in the range of interest. Similarly, the same changes of m u,d,s modify the total Higgs width only at the permille level given the smallness of these suppressed branching ratios. Since we are just interested in the shape (and possible maxima) of the distribution given by Eq. (3), and since uncertainties in BR u,d,s propagate just as an overall normalization factor of BR prod (m H ) which is irrelevant for our study, the u,d,s mass uncertainties do not play any role in the results presented hereafter.
III. RESULTS
The branching ratios for all kinematically allowed channels of the SM Higgs boson are computed for masses m H ≈ 0-1 TeV using the setup discussed in the previous Section. Figure 1 shows the nine fermionic, two bosonic, and three loop-induced BR in the mass range m H = 10-1000 GeV. Several observations are worth pointing out. The eight lightest fermionic channels (plotted here well above their respective thresholds at m H = 2m ff ) have a relatively flat BR as a function of m H up to about ∼110 GeV, where the very fast-rising VV * decays start to play an increasing role which subsequently make all the ff branching fractions drop equally steeply. Beyond 2m V the bosonic decays are roughly constant as a function of m H except for the relatively small modulation due to the onset of the tt mode around m H ≈ 2m t , while all other fermionic decays decrease monotonically. The loop-mediated bosonic channels (gg, γ γ, Z γ) show first a rise with m H peaking at m H ≈ 120-140 GeV -as a matter of fact, the γ γ and gg modes seem to peak themselves very close to the Higgs mass value-followed also by a monotonic falloff.
It is clear from Fig. 1 that all the "action" occurs over the mass region (m W , 2m W ) centered at around m H ≈ 125 GeV (dashed line in Fig. 1 ). The value of the W mass 1 and the preferred decay of the SM Higgs boson into weak bosons are responsible for all the features seen in the distribution of branching ratios over this distinctive transition mass region. Indeed, the fast rise of the bosonic decays, the consequent fast drop of all (light) fermionic modes, and the maxima of the loop-induced decays around the region of the newly observed LHC boson resonance, are all just driven by the particular value of the W boson mass. Figure 2 (left) shows the product of all computed branching ratios as a function of m H , Eq. (3), below the tt threshold 2 . The band around the obtained points indicate the corresponding theoretical and parametric uncertainties, estimated as discussed in [7] , propagating only those which are uncorrelated across the individual decay channels (this results in BR prod (m H ) uncertainties around ±10% below m H ∼ 110 GeV and ±5% for all other mass values shown in the plot). The absolute amplitude of BR prod (m H ) has no particular meaning and the distribution has been normalized by its integral. We note that below m Z ≈ 91 GeV, the Zγ-decay is actually null in hdecay since the code does not include the Z * γ channel 3 . This fact explains the sudden drop apparent in the BR prod (m H ) distribution approaching 90 GeV. The resulting distribution can be very well fitted by a Gaussian function (black curve), over 6 orders of magnitude in i BR H→i (m H ), in the transition region from the fermion-to the boson-dominated regime m H = m Z -2m W with goodness-of-fit per degree-of-freedom: χ 2 /ndf = 163.1/169. Surprisingly, the distribution has not only a Gaussian shape but it has a maximum centered at m H = 124.9 ± 0.3 GeV (where the quoted uncertainty includes the propagated BR prod uncertainty as well as systematics variations obtained changing the fit range) and a width of about σ m H = 6 GeV. The peak of BR prod (m H ) is coincident to a great accuracy with the mass of the Higgs particle discovered at the LHC: m cms H = 125.3 ± 0.4 (stat) ± 0.5 (syst) [15] , and m atlas H = 125.5 ± 0.2 (stat) ± 0.6 (syst) [16] , indicated by a hatched grey band in Fig. 2 . Although the fit quality (χ 2 /ndf ≈ 1) is very good within 3σ m H , the product of branching ratios starts to deviate from a Gaussian in the tail beyond m H ≈ 155 GeV. This disagreement may be corrected if one adds the t * t * Higgs decays including the 4-body contributions from diagrams involving two virtual top-quarks which are very small in amplitude (although steeply rising with m H ) and currently neglected in hdecay. The Gaussian shape of the branching-ratios product distribution is emphasized in the right panel of Fig. 2 1 Of course, in the SM the Z and W masses are linked through the Weinberg mixing angle. 2 The tt branching ratio is actually set to zero in hdecay below m H ≈ 250 GeV and is omitted in the product of BR(m H ) distributions. 3 Likewise, hdecay does not include the Dalitz γ * γ mode with γ * decaying into pairs of fermions -amounting to about 10% of the γ γ decay ratio according to [14] -which nonetheless has the same m H -dependence as BR γ γ and thus does not affect the shape of the obtained BR prod (m H ) distribution.
where the (negative) logarithm of the distribution, − log (BR prod (m H )), is plotted and fitted to a quadratic function, whose minimum is at m H = 124.9 ± 0.3 GeV.
We have also checked what happens with BR prod (m H ) if one excludes one or various decay channels. As a matter of fact, the product of the two dominant fermion (bb) and bosonic (WW) decay branching ratios is already a distribution with a Gaussian-like shape and a maximum at m H ≈ 135 GeV with larger width σ m H ≈ 14 GeV. The product of the three loop-mediated branching fractions alone is also normally distributed around m H ≈ 131 GeV with a width σ m H ≈ 11 GeV. The consecutive addition of extra fermion-pair BR displaces the Gaussian to lower m H values and reduces its associated width, resulting in the final overall distribution plotted in Fig. 2 .
The first pragmatical consequence of the quantitative results obtained in Fig. 2 is that a SM Higgs boson at 125 GeV has the largest possible number of decay modes concurrently open for experimental study. No other Higgs mass value has theoretically a better signal-strength for the whole set of kinematically-allowed decay channels simultaneously. This fact places the SM Higgs boson at a mass value of "maximum opportunity" to experimentally study its couplings to all the gauge bosons and fermions at the LHC as well as at any other future collider.
The second intriguing observation is the Gaussian shape of the product of Higgs branching ratios. A priori, there is no physical reason why the product of the many (or a few) branching-ratios distributions plotted in Fig. 1 should be normally distributed. However, in statistics theory it is well-known that probability densities such as the beta distribution, P(x) ∝ x m (1 − x) n for 0 < x < 1, and the gamma distribution, P(x) ∝ x m exp(−x) for x > 0, converge to Gaussian distributions 4 for large values of the powers m and n. From the tree-level Higgs-mass dependencies of the decay widths given by Eqs. (1) and (2)
), the product of branching ratios for the fermionic and bosonic (and loop-mediated) decays is indeed a expression which has the following generic parametric form
for a total number of decay modes n = n ff + n VV + n loop = 13 (below the tt threshold) and constants A and B. Taking n ff = 8, n VV = 2 and n loop = 3 one obtains a beta-type distribution with large exponents
which can be indeed a Gaussian-like function for appropriate positive A' and B' constants.
The third puzzling observation is the fact that the maximum of the product of BRs peaks to within a high accuracy at the experimental value of the Higgs boson mass measured at the LHC. Although the observed Gaussian shape of BR prod (m H ) might be purely accidental and its maximum at masses around m H ≈ 1.5m W is expected due to the reasons described above, the fact that this distribution peaks exactly at the measured m H value is completely unexpected. One can speculate about the possibility that there is an (unknown) underlying dynamical reason that makes the product of SM Higgs boson branching fractions to peak right at m H . Naively, such a possibility is not completely unwarranted if one makes a simplistic analogy with entropy arguments in the decay of an excited system in equilibrium, to argue that given that the physical realization of the Higgs field -which gives mass to the rest of elementary particles-is an unstable particle, the value of m H must be such that the Higgs boson has the largest number of ways in which its available mass can be potentially distributed among the known fundamental particles. Any underlying principle that would force the Higgs mass to be that which maximizes its decay probabilities to all the SM particles simultaneously would, first, imply that the Higgs self-coupling λ is not a free parameter of the theory but it is related to the individual Higgs couplings to the rest of fields. Should such a mechanism exist, it would require an explanation beyond the SM which could in addition impose constraints to viable extensions of the theory. For example, fermiophobic or gaugephobic Higgs bosons could be already ruled out as they would not lead to the maximum observed in Fig. 2 . Similarly, extra fermion families with heavier unobserved particles would contribute to the loop-mediated decays, modifying their m H -dependencies and also, subsequently, changing the shape and possible maximum of the BR prod (m H ) distribution. In addition, if such a principle existed one could also use it to place limits or constraints on new possible particles through unobserved Higgs decay channels (such as e.g. to pairs of dark matter particles) and "invisible" decays into e.g. neutrinos and/or axions [17] . Adding, for example, three new Higgs boson decays into (Dirac) neutrino-antineutrino pairs with Yukawa couplings as for the other SM fermions, i.e. using m ν ∼ O(meV) instead of m e in Eq. (4), displaces the peak of the distributions shown in Fig. 2 to about m H ≈ 122 GeV. It would be interesting to test the shape of the corresponding BR prod (m H ) distribution taking into account alternative neutrino mass realizations e.g. in the context of seesaw mechanisms. Similarly, we defer for a coming study to check whether the m H -peak in the product of decay fractions present in the SM appears also for the (unconstrained) masses of other Higgs particles in the context of supersymmetric, or more generally two-Higgs-doublet, extensions of the SM [18] .
IV. SUMMARY
The fourteen branching ratios of the standard model Higgs boson into the known fermion and boson pairs have been computed as a function of the Higgs boson mass in the range m H ≈ 0-1 TeV with the hdecay and prophecy4f programs. The product of the branching ratios in all decay channels available below the top-antitop threshold is observed to be a Gaussian distribution of the Higgs boson mass with a maximum centered at m H = 124.9 ±0.2 GeV, i.e. exactly in the region of masses where a new boson resonance has been discovered at the LHC. We have argued that such an intriguing observation is in principle not unexpected as the fermionic 5 , bosonic and loop-mediated Higgs decay branching ratios feature all strongly anti-correlated changes around m H ≈ 1.5m W due to their different m H -power dependencies, and the product of their branching ratios has a beta-type probability distribution which converges into a Gaussian-shape for large number of decay channels around this mass region.
On the other hand, the observation that the product of Higgs decay probabilities peaks exactly at m H is more puzzling. If such a fact is not accidental but indicative of some (unknown) underlying physical principle -i.e. if there is a fundamental mechanism dictating that the value of m H must be such that it has the largest number of ways in which the available mass can be potentially distributed into the known fundamental particles-it would certainly have consequences and provide hints for constructing extensions of the SM. First, it would imply that the Higgs self-coupling λ is not a free parameter of the theory but it is directly connected to the individual Higgs couplings to the rest of fields. Second, such a principle could already be used to rule out e.g. fermiophobic or gaugephobic Higgs bosons as well as extra fermion families. Last but not least, it could be exploited to impose extra constraints on new hypothesized particles through their associated Higgs decay channels.
In any case, and beyond any speculation, the observation reported here demonstrates quantitatively that the SM Higgs boson occurs at a mass value of "maximum opportunity" in terms of the experimental study of its couplings to all the gauge bosons and fermions. No other SM Higgs mass value has theoretically a better "signal strength" for the whole set of kinematically-allowed decay channels simultaneously. Such a fact will help, in practical terms, to maximize the number of constraints that can be imposed to any physics beyond the standard Model at the LHC and at any other future collider.
